Satellite observations of nitrogen dioxide (NO2) have often been used to derive nitrogen oxides 9 (NOx=NO+NO2) emissions. A widely used inversion method was developed by Martin et al. 10 (2003). Refinements of this method were subsequently developed. In the context of this inversion 11 method, we show that the local derivative (of a first-order Taylor expansion) is more appropriate 12 than the "bulk ratio" (ratio of emission to column) used in the original formulation for polluted 13 regions. Using the bulk ratio can lead to biases in regions of high NOx emissions such as eastern 14 China due to chemical nonlinearity. Inverse modeling using the local derivative method is applied 15 to both GOME-2 and OMI satellite measurements to estimate anthropogenic NOx emissions over 16 eastern China. Compared with the traditional method using bulk ratio, the local derivative method 17 produces more consistent NOx emission estimates between the inversion results using GOME-2 18 and OMI measurements. The results also show significant changes in the spatial distribution of 19
where ΔEa is the change of the a priori emission and ΔΩm is the change of model simulated column. 137 Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -140, 2016 Manuscript under review for journal Atmos. Meas. Tech. (1) to estimate inversed NOx emission over eastern China in August 2007 with either GOME-2 or 156 OMI observations. The results from the local derivative method are compared with those using the 157 bulk ratio method in later sections. 158
The uncertainties of the a posteriori emissions come from those in a priori and top-down 159 emission estimates. Uncertainties in top-down emission estimates are derived from those in 160 Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -140, 2016 Manuscript under review for journal Atmos. Meas. Tech. where Ej is the a posteriori emission, Ea is the a priori emission, ΩOMI is OMI observed NO2 column, 209 ΩGOME-2 is GOME-2 observed NO2 column, Ωm1330 is model simulated NO2 column at OMI 210 overpass time, Ωm0930 is model simulated NO2 column at GOME-2 overpass time, t is the time gap 211 between two satellite overpass time, and τ is the lifetime of NOx. The derivation of this method is 212 analogous to the bulk ratio method (Lin et al., 2010) and is not directly comparable to the local 213 derivative method. We therefore compare the inversion results using the satellite differential 214 method with those using the bulk ratio method. 215
In Table 1 , the inversion emission estimates using the satellite differential method are compared 216 with those using the bulk ratio method over eastern China in August 2007. As discussed in the 217 previous section, the bulk ratio method leads to consistently high emission estimates using GOME-218 2 products compared to using OMI over high emission ratios, e.g., 50-70% in the three megacities. 219
The estimates using the satellite differential method are even lower than the bulk ratio inversion 220 estimates using OMI products. The reason is that in our analysis ΩGOME-2/Ωm0930 is consistently 221 larger than ΩOMI/Ωm1330 over eastern China (Figure 4) . The mathematical analysis in Appendix A 222
shows that consequently a posteriori emission estimates using the satellite differential method are 223 consistently lower than that using the bulk ratio method with either GOME-2 or OMI products. 224
When the differences between the two satellite products are not well characterized, we find that 225 the local derivative method is more robust relative to the bulk ratio and satellite differential 226 methods (Table 1) . 227 
